A Gram-stain-positive, rod-shaped, motile bacterium, designated as 1404 T , was isolated from leaves of Chinese red pepper (Huajiao) (Zanthoxylum bungeanum Maxim) collected from Gansu, north-west China. Spores were not observed under a range of conditions. Strain 1404 T was observed to grow at 15-45 C and pH 6.0-10.0 and in presence of 0-5 % (w/v) NaCl concentration. The cell wall of strain 1404
The genus Bacillus was proposed by Cohn [1] , and members of the genus are traditionally characterized to be Gramstain-positive, rod-shaped, endospore-forming with an aerobic or facultatively anaerobic metabolism [2] , and to have menaquinone MK-7 as the major respiratory quinone. meso-Diaminopimelic acid is the most common peptidoglycan type in species of the genus Bacillus. The DNA G+C contents of species of the genus Bacillus range from 32 to 66 mol% [3] . At the time of writing, the genus Bacillus includes more than 318 species with validly published names (http://www.bacterio.net/bacillus.html), and is one of the most taxonomically diverse bacterial genera [4] . During the course of an investigation into the diversity of nematicidal endophytic micro-organisms in leaves of Chinese red pepper (Zanthoxylum bungeanum Maxim) in Gansu province, north-western China, a Bacillus-like strain, designated
1404
T , was isolated. The aim of this study was to determine the taxonomic position of the strain by using a polyphasic taxonomic characterization. On the basis of phenotypic characteristics, chemotaxonomic data, phylogenetic analysis and DNA-DNA hybridization (DDH), strain 1404
T is proposed to represent a novel species of the genus Bacillus.
Strain 1404
T was isolated from the leaves of Chinese red pepper (Z. bungeanum Maxim) from Longnan Country, Gansu province, north-west China. Samples were washed three times with tap water and cut into plugs of 3Â3 cm 2 . The tissues were sterilized sequentially by 75 % (v/v) ethanol for 1 min, hypochlorite solution (3 % available Cl À ) for 2 min and sterilized distilled water three times as described by Li et al. [5] . To confirm that the disinfection process was successful, a 200 µl aliquot of the 3rd rinse water was spread T . Data were obtained from this study, unless indicated. +, Positive; À, negative. All strains are positive for production of acid (API 50CH; bioM erieux) from L-arabinose, fructose, amygdalin, arbutin, aesculin, salicin, maltose, sucrose, trehalose, raffinose, starch, glycogen and D-tagatose but negative for production of acid from L-lyxose, adonite, dulcitol, D-fucose, L-fucose, 2-keto-D-gluconic acid and 5-keto-D-gluconic acid. Positive enzyme activity (API ZYM; bioM erieux) is observed in all the strains for esterase C4, esterase lipase C8 and naphthol-AS-BI-phosphohydrolase but negative enzyme activity is observed for lipase C14, N-acetyl-bglucosaminidase, a-mannosidase and a-fucosidase. All strains produce positive results (API 20NE) for hydrolysis of gelatin and assimilation of malic acid but negative for hydrolysis of urea and assimilation of adipic acid. All strains are positive for oxidation/reduction of the following substrates (GENIII; Biolog): dextrin, stachyose, raffinose, a-lactose, L-malic acid, g-aminobutryric acid and D-salicin; but negative for oxidation/reduction of N-acetyl-Dgalactosamine. pH range for growth (optimum) 6.0-10.0 (6.0-7.0) 6.0-9.0 (7.0) 6.0-11.0 (6.0-8.0) 6.0-11.0 (7.0-8.0)
Characteristic
on a plate containing NA medium (beef extract 3 g, peptone 10 g, NaCl 5 g, agar 17 g, water 1000 ml, pH 7.2), and the plates were examined for bacterial growth after incubation at 37 C for 2 days. Samples in which there was no cultivable detection of contaminants were considered as successfully surface disinfected and used for isolation of endophytic bacteria [6] . After surface sterilization, 1 g of leaf materials was homogenized in a mortar containing 9 ml sterile distilled water to obtain a concentration of 10 À1 g ml
À1
.
After filtration to remove leaf tissue, the suspension was serially diluted to 10
À3
, and a volume of 200 µl suspension was spread on a plate containing NA medium. Pure cultures were obtained by repeated streaking on NA medium. The purified strain was routinely cultivated on NA medium at 32 C and preserved both on NA slants at 4 C and in 20 % (v/v) glycerol at À80
C for further use. The strain was deposited at the China Centre for Type Culture Collection (CCTCC) and the Korean Collection for Type Cultures (KCTC) under the following deposition numbers: 1404 T =CCTCC AB 2017021 T =KCTC 33827 T . The type strains of related species, Bacillus benzoevorans DSM 5391 T and Bacillus circulans DSM 11 T , were purchased from the DSMZ and Bacillus oryzisoli 1DS3-10 T was obtained from the Agricultural Culture Collection of China (ACCC), and these were used as reference strains for comparison of physiological and biochemical characteristics, and to determine fatty acid profiles and for DDH. Unless otherwise indicated, morphological, physiological and chemotaxonomic studies were performed with cells grown on NA at pH 7.0 and 32 C.
Cellular morphology of strain 1404 T was examined using an Olympus CX21 light microscope (Â1000 magnification) and a transmission electron microscope (JEM-2100; JEOL). Cells were observed to be Gram-stain-positive, aerobic, rods with a width of 1.3-1.8 µm and length of 1.7-3.2 µm, as well as to be motile in nutrient broth liquid medium (l
À1
: beef extract 3 g, peptone 10 g,NaCl 5 g, water 1000 ml, pH 7.2) by means of peritrichous flagella (Fig. S1 , available in the online Supplementary Material). Spores were not observed under a range of conditions. Colonies on NA were pale yellow, flat and opaque with slightly irregular margins after incubation at 32 C for 48 h. Gram staining was carried out according to the method of Smibert and Krieg [7] combined with a KOH lysis test [8] . Strain 1404
T was Gram-staining-positive. Growth at different temperatures (4, 10, 15, 20, 28, 32, 37, 45 , 50 and 55 C) and various NaCl concentrations (0-15 %; w/v, in increments of 1 %) was investigated on NA for up to 1 week. The pH range and optimum pH for growth were tested from pH 4.0 to 13.0 (at intervals of 1.0 pH unit) following the method described by Tang et al. [9] . Growth was observed at temperatures ranging from 15 to 45 C (optimum 32 C) and pH ranging from pH 6.0 to 10.0 (optimum pH 6.0-7.0) with 0-5 % (w/v) NaCl concentration (optimum 0-1 %, w/v). Substrate utilization tests were performed using the Biolog GEN III MicroPlate system. Other physiological and biochemical characteristics were determined using the API 20NE, API 50CH and API ZYM systems following the instructions of the manufacturer (bioM erieux). The physiological and biochemical characteristics of the novel strain are summarized in the species description, and the major differential characteristics between strain 1404
T and the related type strains Bacillus benzoevorans DSM 5391 T , Bacillus circulans DSM 11
T and Bacillus oryzisoli 1DS3-10 T are given in Table 1 .
For fatty acid analysis, strains were cultured on trypticase soy agar (TSA; Difco) medium at 28 C for 4 days. The cellular fatty acids were extracted and analysed according to the standard protocol of the Microbial Identification System (Sherlock version 6.1; database: TSBA6; MIDI) [10] . Menaquinones were extracted and purified by the methods of Collins et al. [11] and then analysed by HPLC (1260 Infinity; Agilent Technologies) according to the methods of Groth et al. [12] . Polar lipids were extracted and separated by two-dimensional silica gel TLC and then identified according to the previously described method of Minnikin et al. [13] . Diaminopimelic acid isomers were analysed according to the procedures developed by Hasegawa et al. [14] . Strain 1404 T was observed to contain meso-diaminopimelic acid as the diagnostic diamino acid in the cell wall, which is in common with the large majority of members of the genus Bacillus [15] . The predominant isoprenoid quinone was identified as MK-7, which was consistent with members of the genus Bacillus [16] . While the major polar
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Brevibacillus brevis JCM 2503 T (D78457) lipids of strain 1404 T were similar to those of the type strains Bacillus benzoevorans DSM 5391 T and Bacillus circulans DSM 11 T in that diphosphatidylglycerol, phosphatidylethanolamine and phosphatidylglycerol predominated, there were also differences in the presence of unidentified polar lipids and an unidentified phospholipid, which were absent in Bacillus circulans DSM 11 T (Fig. S2) . The major fatty acids of strain 1404
T were iso-C 15 : 0 (25.6 %), anteiso-C 15 : 0 (18.4 %) and iso-C 14 : 0 (12.1 %) ( Table 2) . Cellular fatty acids iso-C 15 : 0 and anteiso-C 15 : 0 were predominant in all three closely related species of the genus Bacillus. These results are the common characteristics of the members of the genus Bacillus [2] . As shown in Table 2 , some qualitative and quantitative differences in fatty acid profiles could be observed between strain 1404
T and the closely related species. The G+C content of the genomic DNA (mol%) was examined by HPLC, according to the method of Mesbah et al. [17] . The DNA G+C content of strain 1404
T was determined to be 39.4 mol% (Table 1) , which is similar to those of the related type strains Bacillus benzoevorans DSM 5391 T , Bacillus circulans DSM 11
T and Bacillus oryzisoli 1DS3-10 T .
For 16S rRNA gene sequencing and phylogenetic analysis, extraction of genomic DNA, PCR amplification of the 16S rRNA gene and sequencing of purified PCR products were performed as described by Li et al. [18] . The identification of the closest phylogenetic neighbours and calculation of pairwise 16S rRNA gene sequence similarities were performed using the EzTaxon-e server (http://www.ezbiocloud. net; [19] ). Multiple alignments with the most closely related type strains of the genus Bacillus were carried out using the ClustalW program in the MEGA 7 software [20] . Phylogenetic analysis was done using the neighbour-joining method [21] with kimura-2-parameter as a model of nucleotide substitution [22] and the complete deletion option as well as 1000 bootstrap replications [23] in the MEGA 7 software package. Brevibacillus brevis JCM 2503 T (D78457) was used as an outgroup. Phylogenetic trees were also reconstructed by using the maximum-likelihood method [24] using the general time reversal model, default parameters and 1000 bootstrap resamplings, and by using the maximum-parsiomony method [25] using the subtree-pruning-regrafting (SPR) model, default parameters and 1000 bootstrap resamplings with MEGA7. An almost-complete 16S rRNA gene sequence (1440 bp, GenBank accession number KX865139) was obtained for strain 1404
T . The type strains of species of the genus Bacillus with the highest 16S rRNA gene sequence similarity to strain 1404 T were Bacillus oryzisoli 1DS3-10 T (98.3 %) followed by Bacillus benzoevorans DSM 5391 T (98.2 %) and Bacillus circulans DSM 11 T (96.9 %). Phylogenetic analysis based on the neighbour-joining method showed that strain 1404 T formed a cluster with Bacillus oryzisoli 1DS3-10 T , Bacillus benzoevorans DSM 5391 T , Bacillus circulans DSM 11 T and Bacillus nealsonii DSM 15077 T with high bootstrap support (Fig. 1) . The affiliation of strain 1404 T and its closest neighbours was also confirmed by the maximum-parsimony and maximum-likelihood methods (Figs S3 and S4) . The role of the 16S rRNA gene sequence similarity threshold has been crucial for recognizing novel species of prokaryotes [26] . The threshold value of 97 % 16S rRNA gene sequence similarity has been proposed as a cutoff for identification of bacterial species [26] . It is now accepted generally that DDH is only required when the 16S rRNA gene sequence similarity between two strains is over the 97 % threshold for confirming that two strains do not belong to the same species [27, 28] . Therefore, DDH experiments were performed to determine relatedness between strain 1404
T and the reference type strains (Bacillus oryzisoli 1DS3-10 T and Bacillus benzoevorans DSM 5391 T ) by using the fluorometric micro-well method [29] with consideration of the modifications described by Goris et al. [30] . Fluorescence was measured by using a microplate spectrofluorometer (Gemini XPS; Molecular Devices T , respectively, far below the threshold value of 70 % recommended by Wayne et al. [28] for assigning strains to the same species, indicating that strain 1404
T could be assigned to a novel species.
Therefore, the results from the morphological, physiological and chemotaxonomic characterizations, together with genotypic data (DNA G+C content, 16S rRNA gene sequence similarity and DNA-DNA relatedness), described above clearly support that strain 1404
T represents a novel species of the genus Bacillus, for which the name Bacillus endozanthoxylicus sp. nov. is proposed.
DESCRIPTION OF BACILLUS ENDOZANTHOXYLICUS SP. NOV.
Bacillus endozanthoxylicus (en.do.zan.tho.xy¢li.cus. Gr. pref. endo inside; N.L. neut. n. Zanthoxylum a plant genus; N.L. masc. adj. endozanthoxylicus living inside Zanthoxylum).
Colonies are pale yellow, flat and opaque with slightly irregular margins after growth on NA at 32 C for 48 h. Cells are aerobic, Gram-positive-staining with peritrichous flagella and rod-shaped (1.3-1.8Â1.7-3.2 µm). Spores are not observed under a range of conditions. Growth occurs at 15-45 C (optimum 32 C), within a pH range of pH 6.0-10.0 (optimum pH 6.0-7.0) and with 0-5 % (w/v) NaCl (optimum 0-1 %, w/v). Positive for nitrate reduction, D-glucose fermentation, b-glucosidase activity and hydrolysis of gelatin but negative for assimilation of L-tryptophan, L-arginine, capric acid and adipic acid, and hydrolysis of urea. Positive for alkaline phosphatase, esterase C4, esterase lipase C8, leucine arylamidase, valine arylamidase, cystine arylamidase, a-chymotrypsin, acid phosphatase, naphthol-AS-BI-phosphohydrolase, a-galactosidase, b-galactosidase, a-glucosidase and b-glucosidase; negative for lipase C14, trypsin, b-glucuronidase, N-acetyl-b-glucosaminidase, a-mannosidase and a-fucosidase. Acid production is positive from glycerol, L-arabinose, ribose, D-xylose, galactose, glucose, fructose, mannose, inositol, mannitol, D-sorbitol, methyl a-D-mannopyranoside, methyl a-D-glucopyranoside, Nacetylglucosamine, amygdalin, arbutin, aesculin, salicin, cellobiose, maltose, lactose, melibiose, sucrose, trehalose, inulin, melezitose, raffinose, starch, glycogen, gentiobiose, turanose, D-tagatose and potassium gluconate. In the Biolog GEN III plots, the following substrates are utilized: dextrin, maltose, trehalose, stachyose, raffinose, lactose, N-acetyl neuraminic acid, L-fucose, myo-inositol, glycyl L-proline, Lserine, L-galactonic acid, actone, methyl pyruvate, D-lactic acid methyl ester, L-malic acid, bromosuccinic acid, g-aminobutryric acid, a-hydroxybutyric acid, acetoacetic acid, formic acid, cellobiose, D- 
